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The methods of the two authors on the zeros of zeta and L-functions are com- 
pared. 
The object of this note is to compare recent papers of Ramachandra [7] 
(see also [l]) and Huxley [3, 41 on the Dirichlet polynomial approach to 
zero density theorems for the zeta and L-functions. The results of [7] are 
more elegant than those of [3], but they can also be obtained by the 
methods of [3]. 
We state the key lemmas of [3, 71 in Huxley’s notation. Let 
F(s, x) = T u(m) x(m) rnAs 
N+l 
be a Dirichlet polynomial. Here x is a Dirichlet character to some modulus 
q, s = 0 + it is a complex variable. Let q0 be a positive integer, Q 2 q,, 
and T > 1 be real numbers. Let 
D = Q2Tlq,, I=logD. 
D is assumed to be large. Let U be an aggregate of pairs (s, x) satisfying x 
proper mod q, where q < Q and q s 0 (mod qJ, 0 < u ,( l-l, such that if 
(sI , xl), (.s2, x2) are both in U, then 
I t, - tz I < T, 
I t1 - tz I 3 1 when x1 = x2 . 
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Let R be the cardinality of U, and 
G = F 1 a(n1)1~. 
N-t1 
Let B(R, M, D) be the least positive B for which 
1 I F(s, x)1 d G”‘B ifN<M, 
(S,X)EU 
< (N/M)3/2 G112B if M fN <D, 
for every choice of coefficients a(m) and every set U satisfying the condi- 
tions above for fixed R and D. From the work of Montgomery [5] we have 
B(R, N, D) < R112(D112 + N1'2) I, (1) 
andifD > N 
B(R, N, D) < R112N1J2 log 1 -+ RDW. (2) 
In this notation [7, Lemma 31 is 
B(R, N, D)<< R'l2Nll2Df + R1--1/4kLW41-E + R1-WkNVD114k+E (3) 
for any positive integer k, and the lemma of [3] is 
B(R, N, D)< R112N1J2 log I+ RN11412 
+ k"/2Rl.-1/2kN1/4~~/2{B(R,Dk~Nk,D)}1/2k l2+kP (4) 
for D 3 N and for any positive integer k. Here 
The reader will note that (3) follows from (1) and (4). In [3, 41 Huxley 
iterates the relation (4). In [3] the iteration is concluded by the use of the 
bound (2). By comparison with (3) we see that (I) is appropriate to 
conclude the iteration if 
R > D112 , (5) 
which corresponds to zero-density theorems near u = 3/4, and (2) is 
appropriate if (5) fails, which occurs near u = 1 in the application to zero- 
density theorems. 
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The independent proofs of the density theorem 
c 
60 
xm;d; N(u, T, x) < D27(1-~)/11+c 
q=O (mod 9,) 
in [l, 41 make use, respectively, of (3) and of (4) followed by (1). 
Both authors base their work on the Hal&z inequality, in which it 
suffices to estimate a similar sum in which the coefficients a(m) do not 
appear. The latter sum can be written as a sum of contour integrals 
involving L(s, x). The next step derives from a method devised by 
Montgomery for obtaining approximate functional equations, and used 
by Huxley [2] and Ramachandra [6] to prove fourth power estimates for 
L-functions. Using the functional equation, L(s, x) is replaced by the 
infinite series for L(1 - S, R), which is broken at some suitable term, and 
the corresponding contour integrals are estimated separately. The close 
analogy between the methods extends to the kernels employed in the 
contour integrals. Ramachandra has a gamma function, Huxley a finite 
number of terms of the infinite product for a gamma function. 
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